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PREPARATION OF U02 FRAGMENTS FOR FUEL DEBRIS EXPERIMENTS. *

Marvin C. Tinkle, John A. Kircher, Renate M. Zinn, and David T. Eash,

Los Alamos National Laboratory, Los Alamos, NM 8754., USA

ABSTRACT

A unique process was developed for preparing multi-kilogr~,,l quantities
of > 90% dense fragments of enriched and depleted U02 sized 20 mm to 0.038 mm

for fuel debris experiments. Precipitates of UO “xH,O were treated to obtain
! “dUO powders that would yield large cohesive gree pl ces w[)en isostatically

ipr ssed to 206 MPa. The p~essed pieces were crushed into fragments that were
~bout 30% oversized, and Ilcated to 1800°C for 24 h in H-. Oversizing com~en-
sates for shr’
by working on
crushing dens’

INTRODUCTION

nkage-during densification. Effort was dfainatically r=duced
a large scale and by presizing the green U02 inctead of directly
fied pellets,

This paper describes a method of preparation for U02 fragments of >!30%

of theoretical density. They were needed for experiments carried out by

Sandia National Laboratories, to provide information necessary for post-

accident heat removal analysis of sodium-cooled reactors. The requirements

were that the fragments be made with both enriched and deplet[~ U02, have

a specific size range distribution and be of closely controlled density, purity,

and stoichiometry.

We realized that crushing densified pellets into the prop~r size~

would be very ldborious and inefficient. “Th~refore we developed a process

{n which ceramic U02 powdrr could he isostatically pressed into larq~ (1 to

? kg) logs which could be broken up fairly eazily into fireen fragments of

U02 for S( ~equent densifict’+.lonm

NE. TIIO[)S

U308 was dissolved {n HN03 and the resulting uronyl nitr{{to ~ulut.lol),

with a molnrlty from 0.6

t.ut.ivo pr~cipit.ote of IJ04

30% }1202 nnd conc~ntratrd

n~ulra]ize HNO:I, which ifi

[) 1.(), was clnrifi~d by filt.r{ltloll,

XH20 was obtflined I)y t.l)v slm~llt.anvous

NH4UH at n const.~nt, pti of 7,0, N1140H

F1 $1(1(! I)ro(hlct , 11) ord(’r to mnilltnll~

....- . . . ..-..-L. —.. . . —
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citric acid, which complexed iron and prevented the decomposition of H20Z

(ref, 1). The precipitated U04CXH20 was separated by vacuum filtration and

placed into platinum boats.

The chemical equations for this method are as follows:

2JJ308 + ‘4HN03z
6U02(N03]2 + N203 + 7H20

U02(N03)2 + H202 + xH20 + U04=xH20 + 2HN03

(1)

(2)

The enriched U040XH20 was mac!c by a contirtious, automated precipitator system,

designed to assure nuclear criticality safety. The uranium feed and the pl’e.-

cipltants were delivered through rot~meters ai rates which assured a 20% excess

of H O relative to uranyl nitrate.
22

Using a glass-calz,nel electrode pair and

an automatic titrator, the pH in the precipitation vessel was m~intained at 2.0

by addition of concentrated NH40tl on dema’ld. The slurry formed in the pre-

cipitation vessel Has continuously stirred. The slurry was allowed to overflow

through tubing to another vessel which provided a~ditional contact time between

the rt?~r~dn~a; this vessel, called the digester, also has continuous stirring.

The slurry then overflowed from the digester to a vacuum drum filter. The wet

U04”xH20 ci!ke was scraped from the surfac~~ of the drum by a doctor blade into

platinum boats. (See Fig. l.).

In contrast, tlie depleted U04=XH20 was made in separate batches of 500 g

each; clarification, precipitation, vacuum filtratio~ of the precipitate in

Buchner funnels, tind transferal to platinum bo~ts were Rll done by hand.
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The U040XH20 was calcined at 300°C for 8 hours to a composition approx-

imating U03. In order to obtain a highly sinterable U02 from the U03, the

following steps were carried out on l-kg batches in 5-in.-diameter reactors:

(1) the U03was reduced to U02 at 650°C for one hour in flowing H2 at 4 J1/min;

(2) the resulting U02was oxidized in air for 6 hat 350°C; and (3) the

oxidized material was re-reduced to U02 under the conditions of step (l).

Oxidation and re-reduction of the U02 breaks up agglomerates in the powder.

Immediately following this second reduction, the oxide was treated at 650°C

in a flow of 2 f/rein of helium and 250 g/h of H20 vapor. The water va~or

is introduced by bubbling helium through a flask of water held near the boil-

ing point, and is then carried through the preheater tube that runs the len@h

of the reactor. This tre~ltment slightly oxidizes the U02 to a composition of

about U02 ,, which can easily be handled in air without burning.

The U02 was passed through a 0.6 nun sieve to obtain a flowable powder

and was sealed into piastic bags for pressing. The bags were about 7 cm in

diameter by 30 cm long, with walls of 2 mm thickness. The filled bags were

isostatically pressed to 206 MPa (’f1,000 psi). (See Fig. 2, which sh~ws the

isostatically pressed U02 before and after removal of the log from the plastic

bag, and the mode of fracture of the log.) The resulting pressed logs were

crushed into fragments and sieved to sizes that were ,?bout 30% larger than the

required finished sizes, to compensate for shrinkage dtiring the subsequent

sintering step.

The oversized fragments were loaded into molybdenum boats in amounts of

5 kg each and heated at 1800°C for 24 h in a Harper molybdenum-wound, alumina-

A~ “.. ., -

IlfJ. 2. Jsostatlcnlly pr~sswi 1J02.
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refractory hydrogen atmosphere furnace. A stainless-steel transfer box, which

is purged with argon, is used to load and unload tke boat while the furnace is

at 1000°C. (See Fig, 3.) In a run, the boat is moved from the t?ansfer box

into the coldest part of the furnace chamber and then in stages into the hot.-

est zone. The temperature of the furnace is next increased at about 100°C/h

to laoo”c. After the U02 has been heated In hydrogen at 1800°C for 24 h, the

boat is moved in stages to the coldest part of the furnace chamber and the

furnace is allowed to cool to 1000°C. At that point the boat, which is below

red heat, is moved into the transfer box to cool to room temperature in a flow

of argon.

The densified fragments stuck together very little and could be separated

by lightly crushing with a mortar and pestle. They were then sieved to size

fractions ranging from 4-20 mm down to 0.038-0.045 mm. (The required inter-

mediate size fractions were obtained usi~g every other sieve size in the

U.S.A. Standard Series. ) Figure 4 shows densified fragments in the 4-20 mm

range.

Ii(J, 3. tiydrog~n atmosphere furnace with transfer box,

R[:s[jlls AND DIs~ussI(JN

Eighty kilograms of dense U02 fragm~nt,s were produced for flwl debris

experiments. Sorer process development was done du).if)g thr actuml production.

for example, a more easily prepared U02 powder wns tried, b~lt it r~quired

isostatic presslnu at 309 MPN (45,000 psi) to produce qrecn frngrnents t.h,lt

could bc sintored to ~90% of Lheoroticnl U02 denslt.y nt 1800°C, the uprratlon(+l

limit of tho hydrof~[!n furnace. Also, crushing of thos~ 1OQ$ produc~d a larq~



Fig. 4. U02 fragments, 4-20 mm.

amount of fines, which kas unacceptable

required for the enriched uranium. The

because of the amount of recycle

selected prncc~s described above

is Lhe one that had the best overall efficiency for accomplishing the task.

Particle density measurements by mercury porosimetry on dense U02 frag-

ments made by the selected process yielded values that were close to 95% of

ti]e theoreti~al dell~ily of U02. The density values determined by mercury

intrusion at 15,000 psi were only a few tenths of a percent higher than those

obtained at 100 psi, indicating that the particles had very l~tcle inter-

connected porosity. This was consistent with the appearance of polished

sections of the pa?ticlus in metallographic mounts which had been prepar(?d by

crussure impregnation of epoxy resin at 1000 psi.

Metal lographlc examination of polished sections of the final particles

strongly Indicated high sinterabllity at 1800°C in hydrogen of the compacted

UO,, in the green fragments; the grain ~lze was quite large (up to aLout 25 pm),

T1l’;s suqqc!st~ that {t might have been possible to achieve the target density

of >90~ of theuret.icnl by heating in hydrogen at a temperature lower than

li~oo”c.
[II(I f;llal particles were stoichiometric U02 ot high purily. Ratins of

O/U up to only 2.01 were oblained by calculatiorl from urnnium analyses, X- ray

diffraction an.~lys~s confirmed that the ratios were no higher thar] 2.01 basvd

on lattice uaram~lt’rs (ref. 2,3) b~tw~ell 5.4’7f)98 ~ n’]d 5.47118 ~ with uncer’Lair]-

ti[~s in the rungr from .1 0.0000? ; to t 0.00015 ~. , ~ hiHl] purity of t.hv

d~nso U02 partjiclvs is sllowfl hy the data In Iablc 1.

-!)-



TABLE 1

Typical spectrochemical

——-—,

analysis

—

Elements ppm

Li <0.2

Pde <0.2

B <0.2

Na <1

Mg 1

Al %15

S1 5

P <100

Ca <5

v <25

Cr <1

Mn <1

tlements ppm
—. ——.—

Fe +75

Ni <5

Cu 3

Zn <25

Sr <40

Mo <25

Ag <1

Cd <2

Sn <1

Sb <5

9a <5

Pb <2

CONCLUSIONS

Multi-kilogram quantities of >90% dense fragments of enriched and

depleted U02 with particle sizes from 20 mm to 0.038 mm can be readily

prepared by a process tl,at involves (1) precipitation of U04*XH20 from L!ranyl

nitrate solution, (2) preparation of compactable U02 by simple gas-solid

reactions, (3) isostatic pressing of the U02 into 1-2 kg

but easily broken up into fragments of appropriate size,

fragments in hydrcgen at 1800°C. The fragments produced

in this wav are comparable to those obtained by crushing

pellets, and are
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